Abstract Hepatitis C virus (HCV) is highly prevalent in incarcerated populations. The high cost of HCV therapy places a major burden on correctional system healthcare budgets, but the burden of untreated HCV is not known. We investigated the economic impact of HCV through comparison of length of stay (LOS), frequency of 30-day readmission, and costs of hospitalizations in inmates with and without HCV using a 2004-2014 administrative claims database. Inmates with HCV had longer LOS, higher frequency of 30-day readmission, and increased cost of hospitalizations. Costs were higher in inmates with HCV even without advanced liver disease and in inmates with HIV/HCV compared to HCV alone. We conclude that although HCV treatment may not avert all of the observed increases in hospitalization, modest reductions in hospital utilization with HCV cure could help offset treatment costs. Policy discussions on HCV treatment in corrections should be informed by the costs of untreated HCV infection.
Introduction
The approval of all oral HCV treatment regimens transformed HCV infection from a chronic disease to a readily curable condition [1] [2] [3] . HCV infection in correctional settings is highly prevalent (18-83%) , and HCV-related liver disease is one of the leading causes of mortality [4] [5] [6] [7] . Treating all people with chronic HCV infection is recommended, with a heightened priority placed on treatment of people with HIV/HCV coinfection and people with advanced liver disease [3] . Despite these recommendations, a national survey of prison administrators found that < 1% of inmates with HCV in the USA have received treatment [8] . Untreated, incarcerated people with HCV provide a viral reservoir for continued expansion of the HCV epidemic-an unaddressed public health crisis [9] .
Expanded HCV treatment in corrections may provide cost savings over time, but up-front increases in prison budgets are necessary [10, 11] . Given the high prevalence of HCV in prisons and the high cost of therapy (US $24,000 to $80,000 per course), treating every HCV-infected inmate could threaten the solvency of correctional system pharmacy budgets. Medical care in corrections is frequent provided through a public-private partnership, with medical services contracted to private companies with annual capitated per-inmate coverage [12] . Massachusetts is a state that contracts the majority of medical services to private correctional healthcare companies, and there is concern that broadened HCV treatment would irreparably disrupt the budget. As an example, treating all HCV-positive inmates in Rhode Island (a state with similar HCV prevalence) would require $34 million, twice the overall correctional health budget and13 times the corrections pharmacy budget [13] .
Budget projections may overestimate cost of HCV treatment by not including cost savings from HCV cure, including avoidance of complications of end-stage liver disease including hepatocellular carcinoma (HCC), extra-hepatic manifestations of HCV, and illnesses like diabetes and cardiovascular disease exacerbated by untreated HCV [14, 15] . While the costs of HCV therapy are immediate and clear, the costs of managing untreated HCV infection are poorly understood. Using an administrative claims database from the primary inpatient facility serving inmates in Massachusetts, we investigated differences in length of stay, frequency of 30-day readmission, and costs of hospitalizations between inmates with and without HCV.
Materials and Methods
Database With approval from the Massachusetts Department of Public Health IRB, we accessed a de-identified database of all ≥ 18-year-old inmate admissions occurring between 2004 and 2014 at Lemuel Shattuck Hospital (LSH)-the preferred inpatient healthcare location for all incarcerated populations in MA. Variables included race, ethnicity, age, gender, month/year of admissions and discharges, length of stay (LOS), disposition after hospitalization, and all International Classification of Disease, 9th Edition (ICD-9 codes), associated with the initial admission classified as primary, secondary, or other. Elixhauser ICD-9-CM (ECM) index, a score calculated with points for the presence of 31 comorbidities frequently used as a riskadjustment measure, was calculated for all admissions [16] . HCC is included within the comorbidity index (ICD-9 code 155.0), but given relationship to HCV, we analyzed it separately as well. The cost of hospitalization was estimated through DRG code in the database [17, 18] . We translated the DRG into a US dollar monetary variable based on the Health Care Cost and Utilization Project (HCUP) Cost to Charge Ratio Files for 2013 [19] .
Comparison Groups The primary comparison group was hospitalized inmates with and without HCV. Similar to previous studies [20] [21] [22] , the presence of HCV was based on the existence of ICD-9 codes for HCV on initial admission: 070.41, 070.44, 070.51, 070.54, 070.70, and 070.71. The ICD-9 code for HCV could be present as primary, secondary, or other diagnosis.
We conducted two subgroup analyses to further investigate disease associations with increase hospital utilization. Interested in the potential costs of HCV in the absence of liver disease, subgroup A excluded all people from the database who had an ICD-9 code for advanced liver (defined by ECM category BChronic Liver Disease^) [16] . Recognizing that HIV accelerates liver disease progression in people with HCV [23] , subgroup B is a comparison of hospital utilization between HIV/HCV co-infection (classified as the ICD-9 code 042 in addition to a HCV ICD-9 code) and HCV mono-infection. because (A) it is a metric used to assess quality of health care following hospitalization for several illneses including cirrhosis [24, 25] and (B) since our database only had hospitalizations when the patient was incarcerated, limiting the outcome to 30-day readmission decreased the possibility of missing readmissions of inmates who were released post-hospitalization and hospitalized as a non-inmate. (3) Cost of hospitalization episode: Sum cost of the index hospitalization and any readmissions that happen within 30 days of discharge from the initial admission.
Outcomes of Interest

Statistical Analysis
We described continuous variables using the mean and standard deviation or median and interquartile range and tested differences between groups using a t test or the Wilcoxon rank-sum test as appropriate. Variables were checked for skewness, and if skewed, a dichotomous variable around the median was used.
We constructed a multivariable logistic regression models of the odds of 30-day readmission following index admission using a step-wise forward elimination process. The final model included variables with variance inflation factor of less than 6.0 and an overall p value of less than 0.25 in the step-wise regression.
In crude cost comparisons, mean cost was used for our analysis because it allows scaling individual costs to population [26] . In line with recommendations from health economists and literature, the negative binomial model was used to examine relationship between exposure of HCV and outcome of cost of hospitalization episode [26] [27] [28] . The output of the negative binomial regression is an incidence ratio, interpreted as an X% increase in cost. Any covariate with a p value of less than 0.05 was included in the multivariable model. Inmates who died during their initial hospitalization were included in the descriptive analysis and the financial analysis, but excluded from the readmission analysis because they could not be readmitted.
Software
All analyses were performed with SAS software 9.3 (SAS Institute Inc., Cary, NC, USA).
Results
The data set included 4673 index admissions. The average number of total admissions each year was 457 (370-683, standard deviation 102). Fifty-three patients (1.1%) died during index admissions. There were 354 readmissions within 30 days in 294 patients. About one-fifth (19.5%) of the cohort had HCV, and 2.5% had both HIV and HCV. Patients with HCV were older, more likely to be White, and more likely to have chronic liver disease, and had longer LOS (6 vs. 4 days, p < 0.0001; Table 1 ). Almost twice as many patients with HCV were readmitted within 30 days compared to inmates without HCV (9.6 vs. 5.5%, p < 0.0001). Of the 87 people with HCV who were readmitted within 30 days, 26% had HCV which was listed as the primary/ secondary reason for readmission, 16% had liver disease, and 1% had HCC. In the 207 people without HCV who were readmitted within 30 days, the primary reason for admission was liver disease in 5 people (2%), and no one was readmitted for HCC.
In multivariable modeling, HCV infection remained associated with a 73% increase in the odds of 30-day readmission when compared to patients without HCV infection (adjusted odds ratio (AOR) 1 The mean cost of hospitalization episode was 18% higher in patients with HCV than without ($10,969 vs. $9264). Costs were 17% higher in people with HCV even in the absence of advanced liver disease ($10,794 vs. $9240), and costs for HIV/HCV hospitalization episodes were more than those for HCV mono-infection episodes ($12,634 vs. $10,721). HCV was associated with 6% increased cost per hospitalization episode (incidence rate ratio = 1.06; 95% CI (1.02, 1.10)). Increased LOS, increased age, and non-White ethnicity were also associated with increased cost.
Discussion
Increasing access to curative HCV treatment in corrections is necessary to quell the national epidemic and improve public health. We demonstrate two important findings that should inform correctional health policy. First, untreated HCV infection is associated with increased healthcare utilization in inmates. There is a substantial cost to deferring HCV treatment even in patients with early disease, due to progression to cirrhosis, complications of decompensated liver disease, and other diseases accelerated by chronic HCV infection [15, 29] . Our findings add to the current literature by supporting that incarcerated populations with earlier stage HCV, often thought to have a Bsilent infection,^have considerable healthcare needs with associated health care costs [30] . Second, the current high costs of HCV treatment make expanded treatment financially difficult, even with proposed healthcare cost savings. From our data, in the average year, there were 457 admissions at the hospital, and about 20% (~91) of admissions were in inmates with HCV. As HCV was associated with an additional $1705 per hospitalization episode, the additional cost of untreated HCV in the average year (91 × $1705) is approximately $155,000. This is essentially the cost of three courses of HCV treatment at current prices. HCV treatment costs are forecasted to drop with increased market competition, but the costs are unlikely to drop enough to fit into current corrections' budgets. There needs to be an innovative approach to securing appropriations for HCV treatment, potentially through negotiating discounted costs with pharmaceutical companies, or developing criteria for prioritization of inmates for HCV treatment. In states like Massachusetts where Medicaid covers treatment for HCV in the community, programs that link inmates with short periods of incarceration to HCV treatment after release may also be a prudent investment.
Administrative billing codes are frequently used in HCV-hospital utilization analyses [20] ; however, reliance on billing codes is a limitation of this study. The presence of HCV by ICD-9 code may represent serologic evidence of HCV without active HCV, which can happen through spontaneous clearance of the virus in about 20% of people [31] . The absence of an HCV ICD-9 code may reflect HCV-negative status, undiagnosed infection or unreported infection. There is no ICD-9 code for liver fibrosis, preventing our ability to describe a potential gradient of impact between HCV without liver damage, HCV with fibrosis, and HCV with cirrhosis.
Analysis of data in 2013 US dollars may slightly increase the costs; however, overall, our analysis likely underestimates the costs of healthcare related to HCV infection in the prison population. One fourth of inmates were readmitted 4 or more times, and we did not include the costs of any admissions that occurred outside of 30 days in the cost analysis. If inmates are critically ill while in prison, they could be sent to a tertiary care facility for evaluation and stabilization prior to transfer to the Lemuel Shattuck Hospital or transfer back to the facility; the costs of their care at other hospitals are not captured with this analysis. In our study, we found that hospital utilization in the HCV group (50% increased length of stay, 70% increase in risk of readmission) was increased more than were measurements of cost (6% increase in multivariable analysis). The incongruity between hospital utilization and cost has been reported in other studies [32] and is likely related to limitations of using DRGs to represent cost. DRGs are highly dependent on physician documentation, susceptible to coding and classification errors, and better used to categorize patients into cost groups than estimated costs per patient [33, 34] . We based our costs analysis with the robust literature using DRGs to estimate costs of care for community patients with HCV [20] [21] [22] 35] , but hospital utilization may be a better estimate of the increased financial burden related to HCV infection.
Conclusion
Appreciation of increased healthcare resource utilization among HCV-infected people in the corrections setting is critical to making sound policy and informing adequate & 53 people died during first admission, removed from analysis **Non-white ethnicity includes African American, Hispanic, Asian, Pacific Islanders, Native American, and other races not defined as White ∞ Modified Elixhauser Comorbidities exclude advanced liver disease and HIV/AIDS from the sum variable; both are included individually in the model B-^indicates that a predictor was excluded from the adjusted model due to p value of 0.25 in the crude model medical care. Addressing HCV in correctional settings will require political will to prioritize ending the HCV epidemic by additional investment in correctional health.
